Decreased amplitude and slower kinetics of cardiomyocyte intracellular calcium (Ca 2 + i ) transients may underlie the diminished cardiac function observed in heart failure. These alterations occur in humans and animals with heart failure, including the TNF1.6 mouse model, in which heart failure arises from cardiac-specific overexpression of tumor necrosis factor a (TNFa). Objective: Since ablation of phospholamban expression (PLBKO) removes inhibition of the sarcoplasmic reticulum (SR) Ca 2 + pump, enhances SR Ca 2 + uptake and increases contractility, we assessed whether ablation of phospholamban expression could improve cardiac function, limit remodeling, and improve survival in the TNF1.6 model of heart failure. Methods: We bred PLBKO with TNF1.6 mice and characterized the progeny for survival, cardiac function (echocardiography), cardiac remodeling (hypertrophy, dilation, fibrosis), and Ca 2 + i transients and contractile function of isolated cardiomyocytes. Results: PLB ablation did not improve survival, cardiac function, or limit cardiac chamber dilation and hypertrophy in TNF1.6 mice (TKO mice). However, contractile function and Ca 2 + i transients (amplitude and kinetics) of isolated TKO cardiomyocytes were markedly enhanced. This discordance between unimproved cardiac function, and enhanced Ca 2 + i cycling and cardiomyocyte contractile parameters may arise from a continued overexpression of collagen and decreased expression of gap junction proteins (connexin 43) in response to chronic TNFa stimulation. Conclusions: Enhancement of intrinsic cardiomyocyte Ca 2 + i cycling and contractile function may not be sufficient to overcome several parallel pathophysiologic processes present in the failing heart.
Introduction
Sarcoplasmic reticulum (SR) calcium (Ca 2 + ) cycling plays a significant role in defining cardiac contractility, with alterations in Ca 2 + i cycling observed in both animal models of heart failure and in the human failing myocardium. Key components of SR Ca 2 + uptake are the SR Ca 2 + pump (SR Ca 2 + ATPase, SERCA2) and phospholamban (PLB). PLB inhibits SERCA2 [1] by increasing the Ca 2 + dependence of catalytic activity [2] , leading to a slower decrease in cytosolic Ca 2 + and prolonging the time of muscle relaxation [3] . This inhibition is removed by phosphorylation of PLB, allowing faster rates of SR Ca 2 + uptake, muscle relaxation, and enhancement of contractility through increased SR Ca 2 + loading [4, 5] . While diminished Ca 2 + i transient amplitude and slowed rates of SR Ca 2 + uptake and transient decline are observed in isolated muscles and cells from failing human hearts [6, 7] , the underlying biochemical mechanisms remain uncertain. However, altered expression of transcripts encoding SR Ca 2 + transport proteins (such as SERCA2 and PLB) [8] [9] [10] [11] , altered expression level and phosphorylation status of multiple SR proteins [12 -14] , and functional differences in SR Ca 2 + uptake and release [12, 13] are observed in the failing human heart and direct speculation as to the role of the SR in heart failure.
Inhibition of SERCA2 by PLB can also be limited by decreasing the relative expression of PLB to SERCA2. Ablation of the PLB gene (PLB-KO mice) or transgenic overexpression of PLB demonstrates the relationship between the PLB/SERCA2 ratio and SR Ca 2 + uptake and relaxation parameters [15, 16] . Furthermore, enhanced expression of PLB or SERCA2 from recombinant adenoviral constructs demonstrates the PLB/SERCA2 ratio as a key determinant of contractile function [17, 18] . Therefore, strategies to enhance cardiac function in heart failure may seek to reduce the relative expression of PLB to SERCA2 [19] .
TNF1.6 mice develop a well-characterized heart failure as a consequence of cardiac-specific overexpression of tumor necrosis factor alpha (TNF-a). This is demonstrated by ventricular hypertrophy and dilatation, interstitial fibrosis, attenuation of adrenergic responsiveness, reduction in developed pressures and ejection fraction, and overt congestive heart failure, with a six-month mortality of 25% [20 -22] . Furthermore, hearts and isolated cardiomyocytes from TNF1.6 mice demonstrate Ca 2 + i transients with diminished amplitudes and slowed kinetics relative to that observed in wild type mice [23, 24] , resembling observations from human failing hearts [6, 7] . Interestingly, male TNF1.6 mice have an earlier onset of severe heart failure relative to female TNF1.6, although older females will also eventually develop heart failure [21, 22] . In this report, we investigated whether chronic absence of PLB expression could enhance Ca 2 + i transient kinetic parameters and attenuate the heart failure and remodeling that develops in TNF1.6 mice. Thus, we bred PLB-KO to TNF1.6 mice and assessed cardiac function, and measured the contractile and Ca 2 + i transient parameters in isolated cardiomyocytes in progeny with four different genotypes; wild type (WT), PLB-KO (KO), TNF1.6 transgenic (Tg), and TNF1.6 lacking PLB (TKO).
Methods

Animal models
PLB-KO mice [15] were backcrossed into the FVB background for at least six generations; TNF1.6 mice [20] were generated and maintained in the FVB strain. Breeding TNF1.6 to PLB-KO mice created heterozygous mice (F1 generation). PCR screening methods were used to identify the TNF-a transgene status [20] . Identification of PLB gene status utilized forward primers corresponding to 3V UTR sequences of the mouse PLB gene (5V-cttggtcactactgtcagaac-3V) and the neomycin cassette (5V-tcctcgtgctttacggtatc-3V) and a reverse primer corresponding to 3VUTR sequences of the mouse PLB gene (5V-tgtgggttgcaaagttaggc-3V). Breeding F1 male heterozygous PLB-KO to F1 female transgene positive/heterozygous knock-out created 12 classes in the F2 generation: M or F with six genotypes; wild type (WT), heterozygous knockout (He), homozygous knockout (KO), TNF1.6 transgene positive (Tg), transgene positive with heterozygous knockout (THe) and transgene positive with homozygous knockout (TKO). Littermates of the desired genotypes were selected with male and female mice analyzed separately due to the sex-dependent differences in the severity of heart failure in TNF1.6 mice [21, 22, 24] . The investigation conforms with the Guide for the Care and Use of Laboratory Animals (US National Institutes of Health Publication No. 85-23, revised 1996).
Cardiomyocyte studies
Cardiomyocyte isolation, and measurement of Ca 2 + i and cell shortening have been described previously [24] . Single left ventricular myocytes were obtained by enzymatic digestion. For measurements of Ca 2 + i indexed by the fura-2 ratio, cells were loaded with 5 AM fura-2 AM for 30 min. Mechanical measurements were performed in cardiomyocytes not loaded with fura-2. Cardiomyocytes were studied in a temperature-controlled chamber (25 jC) on the stage of an inverted microscope (Nikon Diaphot 300), perfused with a modified Tyrode solution [24] , and electrically stimulated at 0.5 Hz. To achieve more 'physiologic' conditions, additional experiments were performed at 36 jC and 5 Hz. Steady-state contractions or Ca 2 + i transients (5 -10 each) were averaged for each cell and used to analyze the measured parameters.
Echocardiography
At 7 -12 weeks of age, mice were anesthetized (2.5% Avertin i.p.) and echocardiography was performed [21] . Two-dimensional targeted M-mode imaging was obtained from the short-axis immediately below the level of the mitral valve. M-mode tracings were recorded and measurements of LV end-diastolic and end-systolic diameter were made by using the leading-edge method for at least three cardiac cycles on the M-mode tracings. LVFS (%) was calculated as previously reported [21] . Measurement processing was performed with the operator blinded to the mouse genotypes. After echocardiography, mice were euthanized and processed for cardiomyocyte isolation or collection of tissues for biochemical studies.
Survival
Survival was assessed using the Kaplan -Meier survival analysis (SPSS software).
Cardiac hypertrophy and histology
Hearts were recovered, rinsed in cold phosphate buffered saline (PBS), biventricular weights recorded, and tissues flash frozen in liquid nitrogen. Cardiac hypertrophy was determined by the biventricle (mg) to body weight (g) ratio. Tissue sections were stained with hemotoxylin and eosin as previous reported [20] .
Western blots
Protein extracts were prepared in RIPA buffer and Western blot analyses performed [24] . Additional antibodies included anti-sodium -calcium exchanger (NCX, 1:1000 Swant k11 -13), and anti-calsequestrin (1:2500 Affinity Bioreagents PA1-913). Chemiluminescent signals were normalized to that obtained from anti-glyceraldehyde phosphate dehydrogenase (GAPDH, 1:1000, Research Diagnostics TRK5G4-6C5) and were in turn normalized to the mean of the male and female WT samples combined, arbitrarily set at 100%.
Immunohistochemistry
Excised cardiac tissues were rinsed in ice cold PBS, and processed for immunofluorescent analyses [22] , with a rabbit anti-collagen I antibody (1:500, Chemicon #AB765), rabbit anti-connexin antibody (1:250, Zymed #71-0700), and a rabbit anti-desmoplakin antibody (1:1000, Serotec AHP 320). Sections were stained with phalloidin (Molecular Probes A22287) to identify filamentous actin. Fluorescent secondary antibodies (Jackson ImmunoResearch Laboratories) included goat anti-rabbit IgG conjugated with CY3 (1:1000), and goat anti-rabbit conjugated with Alexa 488 (1:500). Slides were viewed at 40X with a confocal microscope (Olympus FV500). Images were collected with a cooled CCD camera (Optronic Magnifier) at 24-bit gray depth and assembled (Adobe Photoshop). Five images were taken for each specimen stained with phalloidin and anticollagen I. For each animal, the fractional area occupied by collagen (collagen area divided by the sum area occupied by collagen and phalloidin) was calculated as previously described [22] , and the mean per group determined.
Statistical analysis
Results are reported as mean F standard error of the mean (S.E.M.). Comparisons between more than one group were performed using ANOVA with Student -Newman -Keuls post-hoc tests. Differences were considered significant at p < 0.05.
Results
Calcium transients in isolated cardiomyocytes
Intracellular calcium (Ca 2 + i ) transients ( Fig. 1 and Table 1 ) were analyzed to assess whether PLB gene ablation normalized the depressed Ca 2 + i transients observed in TNF1.6 mice [23, 24] . Due to sex-dependent differences in the severity of heart failure at a given age [21, 22, 24] , males and females were analyzed separately. Relative to WT male cardiomyocytes, Ca 2 + i transients in KO male mice showed the expected increased amplitude and faster kinetics of maximum rate of Ca 2 + i rise, decline, and time to 50% Ca 2 + i transient decline [25] , whereas Tg male cardiomyocytes showed significantly lower amplitudes and slower kinetics ( 
Contractile properties of isolated cardiomyocytes
To determine whether the increased amplitude and kinetics of the Ca 2 + i transient were reflected in the cardiomyocyte contractile function, we measured the extent of shortening (DL(%)) and maximal rates of contraction and relaxation in female WT, KO, Tg, and TKO cardiomyocytes ( Fig. 2 and Table 1 ). As previously reported under the same experimental conditions (25 jC, stimulation at 0.5 Hz) [24] , the contractile parameters were not significantly different between female Tg and WT cardiomyocytes while, as expected [25] , KO cardiomyocytes showed significantly increased DL(%) and maximal rates of contraction and relaxation (Table 1) . Similarly, female TKO showed a significantly greater DL(%) and faster rates of contraction and relaxation compared to either WT or Tg cardiomyocytes, although these values were significantly less than those that were observed in KO cardiomyocytes.
These contractile activity studies were performed under commonly utilized conditions ( f 25 jC and 0.5-Hz stimulation rate). However, these differ from the conditions of temperature and contraction rate at which the heart normally operates. To address this possible limitation, studies were performed to examine the contractile function of male WT, Tg and TgKO myocytes at ''near physiological'' conditions with respect to temperature and pacing rate (36 jC and 5 Hz). Under these conditions, the DL(%) in WT cell averaged 49% more compared to Tg, while the DL(%) in TKO cells was 85% larger compared to Tg and 24% larger compared to WT cells, although the latter difference did not reach statistical significance (Fig. 3) . The maximal rate of shortening was significantly reduced (by 61%) in Tg vs. WT and significantly increased, by 31% and 116%, in TKO vs. WT and Tg myocytes, respectively. The maximal rate of relaxation was significantly reduced (by 32%) in Tg vs. WT and significantly increased, by 76% and 157%, in TKO vs. WT and Tg myocytes, respectively. Thus, at 36 jC and 5-Hz stimulation rate, cardiomyocytes from male Tg mice also displayed a decreased extent of shortening and slower kinetics than male WT cardiomyocytes, whereas TKO mice displayed an enhanced extent of shortening and kinetics of contraction and relaxation.
Echocardiographic studies
To assess whether improvements in contractile properties observed in TKO cardiomyocytes were reflected in the contractile properties of intact hearts, we assessed cardiac function by echocardiography. Typical M-mode echocardiographic images and data are presented in Fig. 4 and Table 2 . WT and PLB-KO mice demonstrated fractional shortening percentage (FS%), and left ventricular end systolic (LVESD) and end diastolic chamber dimensions (LVEDD) similar to previous reports comparing basal FS% between WT and PLB-KO mice [26] . However, both Tg and TKO mice demonstrated a significant reduction in FS% and enhanced LVEDD and LVESD relative to either WT or KO mice of the same sex, as well as a decreased relative ventricular wall thickness (h/r). Furthermore, LVEDD and LVESD were significantly greater in male TKO relative to male Tg mice.
Cardiac hypertrophy and histology
There were no significant differences in cardiac hypertrophy among non-transgenic mice (WT, He, KO) of the same sex regardless of PLB gene number (Fig. 5A) . In both sexes, Tg mice showed significant cardiac hy- 
Survival analyses
In both males and females, there were no significant differences in survival among non-transgenic mice (WT, He, KO) of the same sex regardless of PLB gene number (Fig. 6 ). In males (Fig. 6A) , Tg mice showed a significant reduction in 90-day survival compared to WT, similar to that previously reported [21] . In males, both THe and TKO mice showed a significantly reduced survival relative to Tg mice. In females (Fig. 6B ), no significant difference in survival was noted over the first 90 days between Tg and WT, similar to that previously reported [21] . A trend towards reduced survival of female THe and TKO did not reach statistical significance.
Western blot analyses
Western blot analyses were performed to assess the potential contribution of altered expression of key Ca 2 + regulating proteins to contractile dysfunction. Previous studies had observed no differences in the expression of PLB and SERCA2 proteins between WT and TNF1.6 mice [24] . Current analysis confirmed and extended these observations with no significant differences observed in the expression of SERCA2, calsequestrin, or the NCX regardless of transgene or PLB gene status (Fig 7; quantitative data not shown), and the expected lack of PLB expression in PLB-KO mice.
Cardiac collagen deposition
The discordance between enhanced contractile properties of isolated cardiomyocytes and deficient global cardiac function with reduced survival suggests altered efficiency or coordination of force production by cardiomyocytes within the intact TKO heart relative to that of the isolated cardiomyocyte. To assess whether PLB gene ablation may alter the extracellullar matrix remodeling and fibrosis observed in TNF1.6 mice [22] , immunohistochemical staining was performed for collagen type I. No significant difference in the deposition of collagen type I was observed between female WT and KO ventricular tissues (Fig. 8A, B) . However, a substantial deposition of collagen was observed in both Tg and TKO mice (Fig. 8C, D) , with the extent of collagen expression (%fractional area) higher in TKO relative to Tg mice (Fig. 8E) . Similar results were also observed in male mice (data not shown).
Cardiomyocyte connexin 43 expression
Alterations in cardiomyocyte function in the intact heart could also arise from changes in gap junction-mediated intercellular communication and coordination of electrical depolarization [27] . Immunohistochemical analyses were performed with anti-desmoplakin to assess intercalated disk distribution and anti-connexin 43, which defines myocardial gap junction properties [27] . While a similar distribution and intensity of connexin 43 expression was observed in WT, KO, and Tg hearts, TKO hearts demonstrated a markedly less intense expression of connexin 43 in cardiomyocyte gap junctions (Fig. 8) . Since the distribution of desmoplakin appeared equivalent among the four groups, the reduction in connexin 43 staining appeared to arise from a decreased expression of connexin 43 rather than a decrease in density of intercalated disks (Fig. 9 ).
Discussion
Numerous studies have demonstrated that the amplitude and kinetics of the Ca 2 + i transient are depressed in the human failing heart, in large part due to impaired SR Ca 2 + cycling [6, 7, 12, 13] . These alterations produce corresponding changes in Ca 2 + -dependent myofilament activation and impaired systolic and diastolic function. Alterations in Ca 2 + cycling may also modify hypertrophy signal transduction pathways [28, 29] and activity of transcription regulatory factors [30] which may mediate further modifications of cardiac structure and function in heart failure. The SR Ca 2 + pump (SERCA2) and its endogenous regulator PLB have been extensively studied for their role in the regulation of Ca 2 + cycling (see review in Refs. [31, 32] ). Alterations in the expression, phosphorylation, and/or function of these SR proteins may participate in the pathophysiology of human heart failure [8] [9] [10] [11] [12] [13] [14] 32] . Since alteration of the PLB/SERCA2 expression ratio can modify SR Ca 2 + i transient amplitude and kinetics, and contractile function [16 -18] , it has been proposed that decreasing the PLB to SERCA2 ratio could enhance Ca 2 + i transients and therefore improve contractile function of the failing heart [19] . One murine model (the TNF1.6 mouse) that recapitulates many aspects of human heart failure arises from cardiacspecific transgenic overexpression of TNF-a [20 -24] . While other carefully characterized murine models of hypertrophy and/or heart failure arise from genetically manipulated expression of single sarcomeric, SR, cytoskeletal, or signal transduction proteins intrinsic to cardiomyocyte function [33 -37] , the TNF1.6 model utilizes overexpression of an extrinsic and perhaps more 'upstream' signal (TNF-a) that is a proposed soluble mediator of heart failure pathophysiology [38] . While it must be acknowledged that use of the a-MHC promoter to achieve life-long, unregulated transgenic gene expression could lead to physiologic adaptations or responses different from an adult onset overexpression of the gene in question, we have extensively characterized the TNF1.6 model and have observed structural and functional remodeling consistent with classical markers of heart failure [20 -24] . Thus, in this study, TNF1.6 mice were chosen to assess whether a genetic 'complementation' method to remove PLB expression could limit cardiac dysfunction through enhancement of SR Ca 2 + cycling in the continued presence of a stimulus (TNF-a) that drives the development of heart failure.
The current study yielded three important observations. First, PLB gene ablation fully restored Ca 2 + i transient parameters and contractile activity of isolated cardiomyocytes in heart failure (TNF1.6) mice. Furthermore, the impaired contractile function in male Tg myocytes and its rescue by PLB ablation (TKO) were sustained when studied under ''near physiological'' conditions (with respect to temperature and stimulation rate), consistent with similar studies performed at lower temperature and stimulation rate. Second, the enhancement of cardiomyocyte Ca 2 + i transient and contractile function occurred independently of and without improvements in global cardiac function in vivo, hypertrophy, ventricular dilation, or survival. Indeed some worsening of these measures was observed. Finally, we observed persistent alterations in extracellular matrix and components regulating intercellular communication in the myocardium of these heart failure mice, which may prevent improvements in cardiac function despite the improvement of Ca 2 + i handling and the cardiomyocyte contractile function.
Divergent responses have been observed in prior studies assessing whether PLB gene ablation could improve global cardiac structure and/or function in genetic models of cardiac hypertrophy or heart failure [33 -37,39,40] . Such studies were successful only in cardiomyopathies associated with a reduction of both the amplitude and kinetics of the Ca 2 + i transient [37, 39] , i.e. akin to human heart failure [6, 7] , but not in those associated solely with a slower decay of the Ca 2 + i transient [35, 40] . In the current study, regardless of whether the myocytes displayed decreased Ca i transient amplitude and kinetics by PLB ablation failed to improve cardiac structure or function. These findings may reflect the complexity of cardiomyopathies (including human heart failure) consequent to simultaneous activation of multiple, independent pathways (which may occur after chronic overexpression of soluble 'upstream' factors, e.g. TNF-a) vs. those arising from genetic manipulations of specific proteins that are 'downstream' of signal transduction pathways.
Not only did PLB gene ablation fail to improve cardiac function and limit remodeling, cardiac hypertrophy was greater in TKO relative to Tg in both male and female mice, and dilation was increased (males) or trended towards an increase (females) in TKO mice relative to Tg mice. Several mechanisms may underlie this exacerbation of remodeling and cardiac dysfunction. For example, PLB-KO mice display a small but significant increase in mean arterial pressure [41] , which could amplify the hypertrophy and remodeling observed in TNF1.6 mice. Additionally, intracellular Ca 2 + is a second messenger involved in the signaling pathways cascade activated by stretch [42] , which may be regulated by the amplitude and duration of Ca 2 + i signals [43] . Thus, in the setting of heart failure consequent to TNF-a overexpression, deleterious effects of PLB ablation on cardiac remodeling and function in vivo may partly stem from increased amplitude and/or kinetics of the Ca 2 + i transient. Finally, PLB ablation produces chronic enhancement of SR Ca 2 + cycling and increased basal metabolic demands [44] . Indeed PLB-KO mice show an increased susceptibility to ischemic injury with a greater net utilization of ATP [45] . As enhanced TNF-a expression is a significant component of ischemic injury to the heart [46] , the combination of increased TNF-a and PLB ablation may be particularly injurious to the myocardium.
Interestingly, unlike PLB-KO mice, humans that express a truncated, non-functional PLB (Leu-39 Stop, a functional PLB knockout) spontaneously develop cardiomyopathy and heart failure in early adulthood [47] . A variable severity of clinical presentation in humans heterozygous for the Leu-39 Stop allele suggests other environmental stimuli or genetic factors modifying the consequence of reduced or absent functional PLB. It is interesting to speculate that such factors may be mimicked in PLB-KO mice which overexpress TNF-a. However, the different outcomes between functional PLB ablation in mice and humans may also arise from fundamental differences in cardiac physiology and Ca 2 + cycling in these two species [48] . Of further interest is the gender-dependent difference in severity of heart failure induced in Tg and TKO mice. An earlier onset and a greater severity of cardiac dysfunction in male vs. female TNF1.6 mice [21, 22, 24] may arise from a greater TNF-a-activated production of ceramide in male hearts [21] . Other animal models also reveal a more severe heart failure/hypertrophy in males relative to females [49, 50] . Some of the mechanisms underlying gender-related differences in hypertrophy and failure may arise from altered telomerase activity [51] , differential regulation of p38 MAK kinase [52] , and effects of sex hormones on translation and/or function of proteins implicated in cardiac structure, contractile function and Ca 2 + homeostasis [50, 53] . Furthermore, one might speculate that gender-related differences in PLB phosphorylation in male failing human hearts relative to female [13] indicates not only gender-related differences in Ca 2 + handling proteins, but in kinases, phosphatases and other (non-PLB) phospho-protein targets that mediate cardiac dysfunction. Thus, gender-related differences in hypertrophy and failure are likely to arise from multiple mechanisms.
While one might hypothesize that enhancement of SR Ca 2 + cycling would improve cardiac function in heart failure, the results of this study are consistent with prior observations that increasing SR Ca 2 + cycling may not be sufficient to improve cardiac function or survival. For example, phosphodiesterase inhibitors increase SR Ca 2 + cycling and contractile performance without heart failure survival benefit [54, 55] . Also, transgenic mice with overexpression of the phosphatase calcineurin develop heart failure despite increased SR function and contractile performance of isolated cardiomyocytes [56] . Nonetheless, alterations in SR function can improve cardiac function and diminish heart failure severity. Overexpression of a pseudo-phosphorylated form of PLB improves cardiac function and survival in the cardiomyopathic hamster [57] . Differences between these results and those seeking 'rescue' of heart failure through PLB ablation suggest a variance between the disinhibition of SERCA2 through PLB ablation or PLB phosphorylation. Indeed, PLB physically associates with multiple proteins [58 -60] , potentially generating different effects on cellular processes between PLB ablation and chronic phosphorylation despite similar SERCA2 disinhibition. Furthermore, a life-long absence of PLB expression could lead to physiologic alterations not recapitulated by interventions in adult animals that alter PLB expression or activity subsequent to the onset of heart failure. [24] . While this study has examined whether enhanced SR Ca 2 + uptake may improve function of the failing heart, the nature of the primary Ca 2 + handling defect in TNF1.6 mice remains unknown. Recent studies in other models have argued that hyperphosphorylation of RyR2 increases the sensitivity of the SR Ca 2 + release channel to Ca 2 + -dependent activation, potentially leading to depletion of SR Ca 2 + stores through a 'leaky' channel, reducing the co-ordinate action of neighboring Ca 2 + release channels, and reducing the efficiency of EC coupling [14] . Thus, in addition to Ca 2 + uptake into the SR, other possible targets remain to enhance or normalize Ca 2 + handling and cardiac function in the failing heart.
A potential limitation of the present studies is that, while both Ca 2 + i transients and contractions were assessed at 25 jC (Figs. 1 and 2 and Table 1 ) only contractions were examined at 36 jC (Fig. 3) . However, it has been shown previously that the amplitude and kinetics of the Ca 2 + i transient are depressed in Tg vs. WT mice at body temperature and 5-12-Hz stimulation rates [23] , consistent with the present contractile data. Thus, while it seems likely that the same mechanism, i.e. impaired Ca 2 + i transient, is responsible for the depressed contractility at body temperature and room temperature, future studies should confirm the interpretation.
Most notably, regardless of PLB expression, the myocardium of TNF1.6 mice is exposed to continued signaling from TNF-a overexpression. TNF-a-driven alterations in collagen deposition and extracellular matrix remodeling [22] continue despite the enhancement of intrinsic cardiomyocyte contractile properties through PLB gene ablation. Excessive cardiac collagen deposition is associated with increased stiffness and diminished cardiac function [61] and may contribute to altered electrical coupling and coordination of cardiomyocyte contraction [62, 63] . Furthermore, cardiac tissue from TKO mice, other murine models of heart failure [35, 56] , and failing human hearts [64] all show decreased expression of the gap junction protein connexin 43, which together with the connexin 43 phosphorylation status defines intercellular communication and cardiomyocyte electrical coupling [27] . Indeed the TNF1.6 mouse shows heterogeneity of electrical conduction through the myocardium, and develops Ca 2 + -dependent arrhythmias [23] . Thus, in the TNF1.6 model, changes in collagen deposition and connexin 43 expression are important determinants of cardiac dysfunction that are neither normalized nor compensated through enhancement of Ca 2 + i transients by PLB ablation. The present study reinforces the molecular complexity of the cardiac physiologic changes in heart failure. Clearly great caution must be taken both in utilizing results from any single heart failure model, and when extrapolating results from isolated unloaded cardiomyocytes to those from the intact heart. However, in both the heart failure model utilized in this study, and recent observations in other models [35] , addressing one component of heart failure (SR Ca 2 + cycling and/or contractile function of the isolated cardiomyocyte) may not be sufficient to fully rescue the failing myocardium. Indeed the continued exposure to cytokines or hormonal factors which drive the development of heart failure likely leads to a plethora of physiologic changes which are independent of SR Ca 2 + cycling and intrinsic cardiomyocyte function, and which may serve to maintain the heart failure phenotype.
